METHODS
ing of the muscle. The amount of initial shortening decreased also in this case when the velocity of contraction was limited under 3.5cm/sec. 2. Preceded starting of the velocity controller; If the time delay (i.e. latency) for piston movement was little less than that for muscle movement, the lever pursued the piston and collided with it in the half way of contraction and continued to contract thereafter with the velocity limited by the piston (FIG.5, B) . When the piston began to move much earlier, the lever did not collide with the piston until the contraction was almost over (FIG.5, A) . It is striking that in both cases the amount of initial shortening (the length indicated with arrows in FIG.5) does not alter, in spite of the great difference of the time course of tension development. It is not necessary, therefore, to adjust the time delay of the piston strictly to the start of the twitch movement.
3. After-load experiment; The inertia lever as shown in FIG.1 , A was used. The stop (FIG.1, Sty) under the lever hindered the muscle to be lengthened by heavy load so as to keep the initial length of the muscle unchanged throughout a series of experiment. One of the results is shown in FIG. 6 . A pair of curves 1 and 1' in FIG.6 are the traces of tension and shortening curve loaded with 4 g. When the load increased, the tension development became greater and the shortening became slower (FIG.6,1-1',2-2',3-3' ).
The amount of initial short- (FIG.6, Si) , however, remained unchanged. In FIG.6 , 4-4', the load was 20g and muscle could not contract as much as Si. In this case the tension curve did not fall back to the level of resting tension during the whole course of the twitch. The amount of initial shortening does not depend on the load, provided with the same initial length of the resting muscle, 4. Arrested twitch and secondary shortening; The isotonic lever with inertia lever as shown in FIG. 1, B was used. In this system the total or secondary shortening in inertia twitch was observed easily, because after initial shortening the thread between two levers slackened. When the shortening was arrested by the stop (St2) at the various height below the maximum twitch height, the new tension development corresponded with the plateau in the shortening curve was observed even at the higher arrest than the level of initial shortening (FIG.7, Si) . Namely the secondary shortening as well as the initial shortening is an active process and not a passive ejection by the lever system. In FIG.8 the relation between equivalent mass and initial shortening (white dot) or total shortening (black dot) is shown. The difference of both shortenings is secondary shortening.
The amount of initial shortening (Si) is independent of equivalent mass, and where the muscle can not contract more than Si, in other words the total shortening is less than Si, tension curve does not return to its resting value until the end of contraction and secondary shortening can not be obserevd.
DISCUSSION
It was concluded in the previous paper 1) that the amount of initial shortening was a function of the initial length of the muscle and it did not depend on the equivalent mass of the lever system.
Furthermore, it was observed in the present study that the amount of initial shortening did not depend on the velocity of contraction or the load, provided that the initial shortening finished its whole process within the contraction time of a twitch. At the instant when the initial tension development fell back to the level of resting tension, the length of the elastic element 3) should be the same as the length in resting state before stimulation.
Consequently, the amount of shortening at that instant, (i.e. the initial shortening) , means real active shortening of the contractile element.
The independency of the initial shortening from the load, inertia and velocity of contraction would be explained as that the contractile element can shorten as much as certain amount which depends only on the initial length or geometrical arrangement of atoms of contractile protein in resting state and does not depend on the external resistance for shortening. The initial shortening is not due to the passive pulling of elastic element stretched by the contractile element which shortens previously by certain amount. Because the velocity of initial shortening is much larger than the estimated value of elastic pulling especially under heavy inertia 1).
Recently SANDOW 5) suggested that there might be two different active states in contraction of skeletal muscle because the hump was observed in differentiated tension curve of twitch or tetanus.
Then it is plausible that there are two different contractile elements in muscle, one is stronger than the other and takes its part in the initial shortening and does shorten by a constant amount despite the external resistance.
It would be suggestive that there are two kinds of theory about the contractile mechanism of skeletal muscle; one is folding of actomyosin or the transmutation theory 4) and the other is sliding model 6,7).
Another explanation is also possible that during the initial shortening almost all contractile units are in active state and only little or no units are relaxing, but during the secondary shortening the number of relaxing units are gradually increasing. Four this explanation, however, the relaxation of contractile units must be postulated to be initiated by a spatial factor of the completion of the initial shortening and not by a time factor from the stimulus.
